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Process for producing levodione 

The present invention relates to a process for producing (6R)-2,2,6-trimethyl 
cyclohexane-l,4-dione (hereinafter referred to as levodione) from 2,6,6-trimethly- 
2-cyclohexene-l,4-dione (hereinafter referred to as ketoisophorone) by reduced 
5 nicotinamide adenine dinucleotide phosphate (herein after referred to as NADPH) 

dehydrogenase. Levodione is an important intermediate in the synthesis of 
carotenoids, e.g. zeaxanthin. 

A microbiological process of producing levodione from ketoisophorone has 
been known, see e.g. United States Patent 4,156,100. 

10 Unexpectedly, we now have found that levodione can be formed from 

ketoisophorone by using a NADPH dehydrogenase as a catalyst. The NADPH 
dehydrogenases for use as catalysts in the process of the present invention are 
generally known as old yellow enzyme (OYE) and defined by the enzyme class E.C. 
1.6.99 according to the Enzyme Nomenclature provided by the Nomenclature 

15 Committee of the International Union of Biochemistry and Molecular Biology 

(Academic Press, 1992). 

The present invention is related to a process for producing levodione from 
ketoisophorone which comprises contacting ketoisophorone with NADPH 
dehydrogenase in the presence of NADH or NADPH in an aqueous medium, and 
20 isolating the resulted levodione from the reaction mixture. 

As used herein, the term "NADPH dehydrogenase" encompasses proteins 
capable of catalyzing the enzymatic reaction of ketoisophorone to levodione in the 
presence of NADH or NADPH, such as the old yellow enzyme (OYE) classified as 
EC 1.6.99 according to the Enzyme Nomenclature provided by the Nomenclature 
25 Committee of the International Union of Biochemistry and Molecular Biology. 

Particularly, the present invention is related to a process for producing 
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levodione from ketoisophorone wherein the NADPH dehydrogenase catalyzing 
said reaction is OYE defined by the enzyme class EC 1.6.99. 

OYE for use as catalyst in the process of the present invention is obtainable 
or may be isolated from any appropriate microorganisms suitable for the 
production of said enzyme, including but not limited to the genera Saccharomyces, 
Zygosaccharomyces, Candida, Gluconobacter, Beneckea, or Vibrio. The above 
mentioned microorganisms also include synonyms or basonyms of such 
microorganisms having the same physico-chemical properties, as defined by the 
International Code of Nomenclature of Prokaryotes. 

A transformed microorganism, such as Escherichia coli, expressing NADPH 
dehydrogenase can also be used as a starting microorganism. 

In one embodiment of the present invention, the microorganism suitable for 
the production of NADPH dehydrogenase such as OYE is Saccharomyces cerevisiae, 
preferably Saccharomyces cerevisiae S288C (ATCC 204508) publicly available from 
the American Type Culture Collection, 10801 University Boulevard Manassas, 
VA20 100-2209, U.S.A. The well known purification process can be used for the 
preparation of the enzyme (cf. Abramovitz, A. S., 8c Massey. V., J. Biol. Chem. 
251,5321-5326,1976). Functional equivalents, subcultures, mutants and variants of 
said microorganism can also be used in the present invention. 

In one embodiment of the present invention, a commercially available OYE 
can be used for the catalytic cleavage of ketoisophorone into levodione, for 
instance, NADPH- FMN Oxidoreductase® (Sigma, U.S.A.). 

The OYE used preferably for the present invention is composed of two 
subunits, OYE2 and OYE3 having a molecular weight of 45.0 kDa and 44.9 kDa, 
25 respectively. Surprisingly, it was found that OYE2 and OYE3 not only can use 

NADPH, but also NADH as a co-factor for catalyzing the reaction of the present 
invention. 

Thus, it is a further aspect of the present invention to provide a process 
wherein the OYE used for the catalytic reaction of ketoisophorone into levodione 
is encoded by the oye2 or oye3 gene derived from Saccharomyces cerevisiae S288C 
(ATCC 204508). 
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OYE of the present invention catalyzes the reduction of ketoisophorone to 
levodione in the presence of a co-factor according to the following formula: 

Ketoisophorone + NADH (NADPH) ^ Levodione + NAD (NADP), 

For example, the standard enzyme reaction is performed as follows: the basal 
reaction mixture (100 (il of 1 M Tris-HCl buffer, pH 8.0, 100 pi of 80 mM NADH, 
100 |il of 0.13 M ketoisophorone, and water to fill up to 1 ml of total volume), is 
supplemented by 5 jil of the enzyme solution, and is incubated at 20 to 40°C for 5- 
300 min, preferably at 25°C for 30 min. The reaction mixture is extracted by 1 ml 
of an organic solvent such as ethyl acetate, n-hexane, toluene, or n-butyl acetate to 
recover the levodione into the organic solvent layer. The extract is analyzed by 
known methods such as gas chromatography, high performance liquid 
chromatography, thin layer chromatography or paper chromatography, or the like. 
In case of the gas chromatography, the following conditions can be applied as one 
embodiment: 

Column: ULBON HR-20M (Shinwa, Japan) 0.25 mm<i> x 30m 
Column temperature: 160°C (constant) 
Injector temperature: 250°C 
Carrier gas: He (ca. lml/min) 

The reaction can be conducted at pH values of from about 4.5 to about 8.5 in 
the presence of NADH or NADPH in a solvent, such as Tris-HCl buffer, phosphate 
buffer and the like. Preferably, the pH is between 5.0 and 8.0. 

The present invention relates to a process for the production of levodione 
from ketoisophorone by the help of OYE, wherein the reaction is carried out at pH 
values of from 4.5 to 8.5 and at a temperature in the range of from 20 to 40°C. 
Preferably, the reaction is carried out at pH values of from 5.0 to 8.0 and at a 
temperature in the range of from 25 to 35°C. 

The genes encoding the proteins OYE2 and OYE3 of the present invention 
can be cloned based on the genomic sequence information of the originating 
microorganism, e.g. Saccharomyces cerevisiae, and can be overexpressed in an 
appropriate host organism such as Escherichia coll The recombinant 
microorganism, such as Escherichia coli, expressing NADPH dehydrogenase can be 
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prepared by well known recombinant technologies (cf. Molecular cloning: a 
Laboratory Manual, 2nd Edition / Cold Spring Harbor Laboratory Press, 1989). 

Thus, the present invention concerns a process for producing levodione from 
ketoisophorone which comprises contacting ketoi^ophorone with a recombinant 
microorganism expressing NADPH dehydrogenase or cell-free extract thereof in 
the presence of NADH or NADPH in an aqueous medium, and isolating the 
obtained levodione from the reaction mixture. Preferably, the recombinant 
microorganism is Escherichia coli. 

The NADPH dehydrogenase expressed by the recombinant microorganism is 
OYE defined by the enzyme class EC 1.6.99 as in another aspect of the present 
invention. 

Particularly, the OYE used for the expression in the recombinant 
microorganism is derivable from a microorganism which is selected from the 
group consisting of Saccharomyces, Zygosaccharomyces, Candida, Gluconobacter, 
Beneckea and Vibrio or functional equivalents, subcultures, mutants and variants 
thereof. Preferably, the OYE is derived from Saccharomyces cerevisiae, more 
preferably Saccharomyces cerevisiae S288C (ATCC 204508). Most preferred is OYE 
encoded by the oye2 or oye3 gene from Saccharomyces cerevisiae S28SC (ATCC 
204508). 

The recombinant microorganism, such as e.g. Escherichia coli, expressing 
NADPH dehydrogenase, may be cultured in a nutrient medium containing 
saccharides such as glucose or sucrose, alcohols such as ethanol or glycerol, fatty 
acids such as oleic acid, stearic acid or esters thereof, or oils such as rapeseed oil or 
soybean oil as carbon sources; ammonium sulfate, sodium nitrate, peptone, amino 
acids, corn steep liquor, bran, yeast extract and the like as nitrogen sources; 
magnesium sulfate, sodium chloride, calcium carbonate, potassium monohydrogen 
phosphate, potassium dihydrogen phosphate and the like as inorganic salt sources; 
and malt extract, meat extract and the like as other nutrient sources. The 
cultivation can be carried out aerobically, normally with a cultivation period of 
from 1 to 7 days in a medium pH of from 3.0 to 9.0 and at a temperature in the 
range of from 10 to 40°C. Preferably, the cultivation is carried out at the medium 
pH of from 5.0 and 8.0, and the cultivation temperature of from 25 to 35°C for 
from 2 to 4 days. 
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OYE is useful as a catalyst for the production of levodione from 
ketoisophorone. In one embodiment, the reaction for producing levodione from 
ketoisophorone using a recombinant microorganism can be conducted at pH 
values of from about 4.5 to about 8.5 in the presence of NADH or NADPH in a 
solvent, such as Tris-HCl buffer, phosphate buffer and the like. In a preferred 
embodiment, the reaction is carried out at a pH between 5.0 and 8.0. 

A preferred temperature range for carrying out the reaction is from 20 to 
40°C. When the pH and the temperature are set at 5.0 to 8.0 and 25 to 35°C> 
respectively, the reaction usually produces the best results. 

In a further embodiment, the reaction for producing levodione using a 
recombinant microorganism is carried out at pH values of from 4.5 to 8.5 and at a 
temperature in the range of from 20 to 40°C. Preferably, the reaction is carried out 
at pH values of from 5.0 to 8.0 and at a temperature in the range of from 25 to 



The concentration of ketoisophorone in a solvent can vary depending on 
other reaction conditions, but, in general, is between 1 mM and 2 M, preferably 
between 10 mM and 100 mM. 

In the reaction, OYE may also be used in an immobilized state with an 
appropriate carrier. Any means of immobilizing enzymes generally known in the 
art may be used. For instance, the enzyme may be bound directly to a membrane, 
granules or the like of a resin having one or more functional groups or it may be 
bound to the resin through bridging compounds having one or more functional 
groups, e.g. glutaraldehyde. 

After the reaction, levodione may be recovered from the reaction mixture by 
extraction with an organic solvent which is non-miscible with water and which 
readily solubilizes levodione, such as ethyl acetate, n-hexane, toluene or n-butyl 
acetate. Further purification of levodione can be effected by concentrating the 
extract to directly crystallize levodione or by the combination of various kinds of 
chromatography, for example, thin layer chromatography, adsorption 
chromatography, ion-exchange chromatography, gel filtration chromatography or 
high performance liquid chromatography. 

The following Examples further illustrate the present invention. 
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Example 1 

Cloning of oye2 and oye3 genes from genomic DNA of Saccharomyces cerevisiae 

Genomic DNA of Saccharomyces cerevisiae S288C (ATCC 204508) was 
prepared using the potassium acetate method. Using the prepared genomic DNA 
as template, the gene fragments of oye2 and oye3 were obtained by two-step PCR 
method using a thermal cycler (Perkin Elmer 2400, U.S.A.). The PCR mixture 
(0.02 ml) contained 5 pmol of each primer, 0.312 mM of each dNTP, and 2.5 U of 
Pyrobest DNA polymerase (Takara Shuzo Co. LTD / Kyoto, Japan). 100 ng of the 
genomic DNA of Saccharomyces cerevisiae S288C (ATCC 204508) was used as the 
template for the first PCR reaction. The mixture after the reaction was diluted 1:20 
in water, and used as the template for the second PCR reaction. For the first PCR, 
a cycle of 10 sec. at 98°C, 30 sec. at 55°C and 90 sec. at 72°C was repeated for 25 
times. For the second PCR, a cycle of 10 sec. at 98°C, 30 sec. at 51°C and 90 sec. at 
72°C was repeated for 25 times. 

To clone the oye2 gene, the first PCR reaction was performed with primers, 
OYE2-1 ( 5 ' - CGGTCCAG ATATAGAATAAATC ATCATATTAAG- 3 ' ) (SEQ ID NO: 
1), and OYE2-2 (5 > -GAAATGGTGCTACAAAGTACGGTTAACAC-3 > ) (SEQ ID 
NO: 2). By this reaction, DNA fragment containing the oye2 gene (1250 bp) was 
amplified. The second PCR was performed with primers, OYE2-3 (5 J - 
TTAG AAG AATTC ATGCCATTTGTTA- 3 ' ) (SEQ ID NO: 3) and OYE2-4 (5 s - 
AGATTTCTGCAGTTAATTTTTGTCC-3') (SEQ ID NO: 4). 

By this reaction, DNA fragment containing just the ORF of the oye2 gene 
(1200 bp) was amplified. This amplified oye2 gene was treated with £coRI and 
Psfi, and ligated with a vector, pKK223-3 (Amersham Bioscience / 
Buckinghamshire, England) that was predigested with EcoBl and Pstl to construct a 
plasmid, pKK223-3/OYE2. £ coli DH5a was transformed with the ligation 
mixture, and several clones were selected for sequence analysis. The sequence of 
the cloned oye2 gene of each candidate clone was determined by using the 
"Thermo Sequenase II dye terminator cycle sequencing kit" (Amersham Bioscience 
/ Buckinghamshire, England) and an automatic sequence analyzer (ABI prism 
377). Primers used for the sequence analysis were as follows : 



PKK223-3(+) (5'-GACATCATAACGGTTCTGGCA-3 > ) (SEQ ID NO: 5) 
PKK223-3(-) (S'-TTATCAGACCGCTTCTGCGTT^') (SEQ ID NO: 6) 
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OYE2-5 ( 5 ' - GGT ATCTGGTCCG AAGAACA - 3 ' ) (SEQ ID NO: 7) 
OYE2-6 (S'-GACACGAGGTTCAAGTAGATG-S') (SEQ ID NO: 8). 

One of the clones that showed completely the same sequence as the known 
oye2 sequence of Saccharomyces cerevisiae S288C (ATCC 204508) was selected for 
5 farther experiments. To clone the oye3 gene, the first PCR reaction was performed 

with primers OYE3-1 ( 5 ' - GT ACGTACTTG AT AT AT ACAAC AACTGT AG - 3 ' ) 
(SEQ ID NO: 9) and 

OYE3-2 (5'-GCTGCCCTATATAAACAAAGATCGAGTC-3 5 ) (SEQ ID NO: 10). 

By this reaction, DNA fragment containing the oye3 gene (1250 bp) was 
10 amplified. The second PCR was performed with the following primers: 

OYE3-5 ( 5 ' -TT AG AAC AATTG ATGCC ATTTGTAA- 3 9 ) (SEQ ID NO: 11) 
O YE3 -4(5' - AGATTTCTGC AGTCAGTTCTTGTT- 3 ' ) (SEQ ID NO: 12). 

By this reaction, DNA fragment containing just the ORF of oye3 gene (1200 
bp) was amplified. This amplified oye3 gene was treated with Mfel and PstI, and 

15 ligated with a vector, pKK223-3 (Amersham Bioscience / Buckinghamshire, 

England) that was predigested with EcoRl and Pstl to construct a plasmid, 
pKK223-3/OYE3. E. coli DH5a was transformed with the ligation mixture, and 
several clones were selected for sequence analysis. The sequence of the cloned oye3 
gene of each candidate clone was determined by using "Thermo Sequenase II dye 

20 terminator cycle sequencing kit" (Amersham Bioscience / Buckinghamshire, 

England) and an automatic sequence analyzer (ABI prism 377). Primers used for 
the sequence analysis were as follows : 

PKK223-3(+) ( 5 ' - G AC ATCATAACGGTTCTG GC A- 3 ' ) (SEQ ID NO: 13) 
PKK223-3(-) ( 5 5 -TT ATC AG ACCGCTTCTGCGTT-3 ' ) (SEQ ID NO: 14) 
25 OYE3-6 ( 5 ' - G ACTGTGCATCTG ACAG AGT - 3 ' ) (SEQ ID NO: 15). 

One of the clones that showed completely the same sequence as the known 
oye3 sequence of Saccharomyces cerevisiae S288C (ATCC 204508) was selected for 
further experiments. 
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Example 2 

Levodione production using the cell-free extract of E. colt strain having the oye2 
or oye3 gene of Saccharotnyces cerevisiae 

The plasmids, pKK223-3/OYE2 and pKK223-3/OYE3, which were 
5 constructed in the Example 1 and which comprise the complete DNA sequence of 

oye2 and oye3, respectively, were introduced into E. coli JM109, and the 
recombinant strains, JMl09[pKK223-3/OYE2] and JMl09[pKK223-3/OYE3] were 
obtained. 

The strain JM109[pKK223-3] was also prepared as a control. Each of these 
10 strains was inoculated into the M9 minimum medium (2 x 500 ml in 2L-Sakaguchi 

flask) containing 0.05 mg/ml of ampicillin and 2% (w/v) of casamino acids (Difco 
Laboratories, U.S.A.) and cultivated at 37°C. When the optical density at 610 nm 
reached 0.4, IPTG (isopropyl p-D-thiogalactopyranoside) was added to the 
medium to make the concentration 0.01 mM and cultivation was continued for 
15 further 8-10 hours. Then the bacterial cells were collected by centrifugation. 

Approximately 10 g of wet cells were obtained from 1 liter of the broth. A fraction 
(0.7 g) of the cells was resuspended into 1.4 ml of the buffer consisting of 40 mM 
Tris-HCl (pH 8.0), 10 mM MgCl 2 , 10 mM dithiothreitol (DTT), 200 mM KC1 and 
1 mM phenylmethylsulfonyl fluoride (PMSF), and the cells were disrupted with an 
20 ultrasonic oscillator for 15 min. After centrifugation, the resulting supernatant was 

used as a cell-free extract for the levodione production as follows. Each of the cell- 
free extract obtained from the cells of JM109[pKK223-3/OYE2], JMl09[pKK223- 
3/OYE3] or JMl09[pKK223-3] containing 2 mg protein was used in 1 ml of the 
reaction mixture consisting of 25 mM Tris-HCl (pH 8.0), 66 mM NADH or 55 
25 mM NADPH, and 13 mM of ketoisophorone. The reaction was carried out at 

25°C for 30 minutes. The reaction mixture was extracted by 1 ml of ethylacetate to 
recover the levodione into ethylacetate layer. The extract was analyzed by gas 
chromatography [column: ULBON HR-20M (Shinwa, Japan) 0.25 mm(|> x 30m, 
column temperature: 160°C (constant), injector temperature: 250°C, carrier gas: 
30 He (ca. lml/min)]. The results are shown in Table 1. 
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Table 1 



Clone 


Co-factor 


Yield of Levodione (% of 
ketoisophorone used) 


JMl09[pKK223-3/OYE2] 


NADH 


60 


JMl09[pKK223-3/OYE2] 


NADPH 


34 


JM109[pKK223-3/OYE3] 


NADH 


12 


JMl09[pKK223-3/OYE3] 


NADPH 


12 


JM109[pKK223-3] (control) 


NADH 


8.5 


JM109[pKK223-3] (control) 


NADPH 


9.9 



In another experiment using the combination of the cell- free extract of 
5 JM109[pKK223-3/OYE2] with the NADH-recycling system, the yield of levodione 

. reached 95%. In this case, the cell-free extract of JM109[pKK223-3/OYE2] 

containing 30 mg protein was used in 25 ml of the reaction mixture consisting of 
250 mM Tris-HCl (pH 8.0), 0.31 mM NAD + , 220 mM D-glucose, 12.5 units/ml 
glucose dehydrogenase and 65 mM of ketoisophorone. The reaction was carried 
10 out at room temperature for 90 min. The pH of the reaction mixture was 

controlled to be higher than 7.0 using 7% ammonium solution. As a result, 9.5 g/1 
of levodione (95% conversion of ketoisophorone used) was produced. Optical 
purity of the product was analyzed to be 94.6% (enantiomeric excess; e.e.) by gas 
chromatography using a chiral capillary column, BGB-176 (BGB Analytik AG, 
15 Switzerland). 

Example 3 

Levodione production using the cells of E. coli strain having the oye gene of 
Saccharomyces cerevisiae 

Each of the strains, JM109[pKK223-3/OYE2] and JM109[pKK223-3], 
20 obtained in Example 2 was inoculated into the M9 minimum medium (5 ml in 

tube) containing 0.05 mg/ml of ampicillin and 2% (w/v) of casamino acids (Difco 
Laboratories, U.S.A.) and cultivated at 37°C. When the optical density at 610 nm 
reached 0.4, IPTG was added to the medium to make the concentration 0.01 mM 
and cultivation was continued for further 8-10 hours. Then the bacterial cells were 
25 collected by centrifugation, and resuspended into 2 ml of 100 mM potassium 
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phosphate buffer (pH 7.0). This suspension was divided into two portions (1 ml 
each), and the reaction was started by adding 33 mM (final concentration, 
hereinafter abbreviated as f.c.) of ketoisophorone and 280 mM (f.c.) of D-glucose 
with or without 0.37 mM (f.c.) of NAD + , 15 units / ml (f.c.) of glucose 
5 dehydrogenase. The reaction was carried out at 30°C overnight. The reaction 

mixture was extracted by ethylacetate to recover the levodione into ethylacetate 
layer. The extract was analyzed by gas chromatography as described in Example 1. 
The results are shown in Table 2. 

Table 2 

10 



Clone 


Glucose 
dehydrogenase 
& NAD + 


Yield of Levodione 
(% of ketoiso- 
phorone used) 


Optical purity 
(% e.e.) 


' JMl09[pKK223-3/OYE2] 




65 


59 


JM 1 09 [pKK223-3/OYE2] 


+ 


65 


64 


JMl09[pKK223-3] 
(control) 




< 1 




JMl09[pKK223-3] 
(control) 


+ 


< 1 
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Claims 



1 . A process for producing levodione from ketoisophorone which 
comprises contacting ketoisophorone with NADPH dehydrogenase in the presence 
of NADH or NADPH in an aqueous medium, and isolating the resulted levodione 
from the reaction mixture. 

2. The process according to claim 1, wherein the NADPH dehydrogenase 
is old yellow enzyme defined by the enzyme class EC 1.6.99. 

3. The process according to claims 1 or 2, wherein the enzyme is 
obtainable from a microorganism suitable for the production of the NADPH 
dehydrogenase. 

4. The process according to claim 3, wherein the microorganism is 
selected from the group of genera consisting of Saccharomyces, Zygosaccharomyces, 
Candida, Gluconobacter, Beneckea, and Vibrio. 

5. The process according to claims 3 or 4, wherein the microorganism is 
Saccharomyces cerevisiae. 

6. The process according to claims 3 or 4 wherein the microorganism is 
Saccharomyces cerevisiae S288C (ATCC 204508), a functional equivalent, 
subculture, mutant or variant thereof. 

7. The process according to claims 1 or 2, wherein the NADPH 
dehydrogenase is old yellow enzyme encoded by the oye2 or oye3 gene derived 
from Saccharomyces cerevisiae S288C (ATCC 204508). 

8. The process according to any one of claims 1 to 7, wherein the reaction 
is carried out at pH values of from 4.5 to 8.5 and at a temperature in the range of 
from 20 to 40°C. 

9. The process according to any one of claims 1 to 7, wherein the reaction 
is carried out at pH values of from 5.0 to 8.0 and at a temperature in the range of 
from 25 to 35°C. 

10. A process for producing levodione from ketoisophorone which 
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comprises contacting ketoisophorone with a transformed microorganism 
expressing NADPH dehydrogenase or a cell-free extract thereof in the presence of 
NADH or NADPH in an aqueous medium, and isolating the obtained levodione 
from the reaction mixture. 

11. The process according to claim 10, wherein the recombinant 
microorganism is Escherichia coli. 

12. The process according to claims 10 or 1 1, wherein the NADPH 
dehydrogenase is old yellow enzyme defined by the enzyme class EC 1.6.99. 

13. The process according to claim 10, wherein the enzyme expressed by 
the transformed microorganism is derivable from a microorganism selected from 
the group consisting of the genera Saccharomyces, Zygosaccharomyces, Candida, 
Gluconobacter, Beneckea y and Vibrio. 

14. The process according to any one of claims 10 to 13, wherein the 
enzyme expressed by the transformed microorganism is derived from 
Saccharomyces cerevisiae, preferably Saccharomyces cerevisiae S288C (ATCC 
204508). 

15. The process according to any one of claims 10 to 14, wherein the 
NADPH dehydrogenase expressed by the transformed microorganism is old yellow 
enzyme encoded by the oye2 or oye3 gene derived from Saccharomyces cerevisiae 
S288C (ATCC 204508). 

16. The process according to any one of claims 10 to 15, wherein the 
reaction is carried out at pH values of from 4.5 to 8.5 and at a temperature in the 
range of from 20 to 40°C. 

17. The process according to any one of claims 10 to 15, wherein the 
reaction is carried out at pH values of from 5.0 to 8.0 and at a temperature in the 
range of from 25 to 35°C. 

18. The invention substantially as described hereinbefore, especially with 
reference to the Examples. 
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SEQUENCE LISTING 

<110> Roche Vitamins AG 

<120> Process for producing levodione 

<130> 21147 

<160> 15 

<170> Patentln version 3.1 



<210> 1 

10 <211> 33 

<212> DNA 

<213> Artificial 



<400> 1 

cggtccagat atagaataaa tcatcatatt aag 33 



<210> 2 

<211> 29 

<212> DNA 

20 <213> Artificial 



<400> 2 

gaaatggtgc tacaaagtac ggttaacac 2 9 



25 

<210> 3 

<211> 25 

<212> DNA 

<213> Artificial 

30 <400> 3 

ttagaagaat tcatgccatt tgtta 25 
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<210> 4 

<211> 25 

<212> DNA 

5 <213> Artificial 



10 



15 



<400> 4 

agatttctgc agttaatttt tgtcc 25 



<210> 5 

<211> 21 

<212> DNA 

<213> Artificial 



<400> 5 

gacatcataa cggttctggc a 21 



20 <210> 6 

<211> 21 

<212> DNA 

<213> Artificial 



25 <400> 6 

ttatcagacc gcttctgcgt t 21 



<210> 7 
30 <211> 20 
<212> DNA 
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<213> Artificial ( 



<400> 7 

ggtatctggt ccgaagaaca 20 

5 



<210> 8 

<211> 21 

<212> DNA 

10 <213> Artificial 



<400> 8 

gacacgaggt tcaactagat g 21 



15 



20 



<210> 9 

<211> 30 

<212> DNA 

<213> Artificial 



<400> 9 

gtacgtactt gatatataca acaactgtag 30 



25 <210> 10 

<211> 28 

<212> DNA 

<213> Artificial 



30 <400> 10 

gctgccctat ataaacaaag atcgagtc 28 
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20 



25 



<210> 11 

<211> 25 

5 <212> DNA 

<213> Artificial 



<400> 11 

ttagaacaat tgatgccatt tgtaa 



10 



<210> 12 

<211> 24 

<212> DNA 

15 <213> Artificial 



<400> 12 

agatttctgc agtcagttct tgtt 



<210> 13 

<211> 21 

<212> DNA 

<213> Artificial 



<400> 13 

gacatcataa cggttctggc a 



30 <210> 14 
<211> 21 
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<212> DNA 

<213> Artificial 

<400> 14 

ttatcagacc gcttctgcgt t 



<210> 15 

<211> 20 

<212> DNA 

<213> Artificial 

<400> 15 

gactgtgcat ctgacagagt 



BNSDOCID: <WO__03070959A2J_> 



(n) internation£> PLICATION PUBLISHED UNDER THE PATEN^JR)PERATION TREATY (PCT) 




(19) World Intellectual Property Organization 

Internationa] Bureau 

(43) International Publication Date 
28 August 2003 (28.08.2003) 




PCT 



(10) International Publication Number 

WO 03/070959 A3 



(51) International Patent Classification 7 : C12P 7/26 

C12N 9/02, 15/53 



(21) International Application Number: PCT/EP03/01537 

(22) International Filing Date: 15 February 2003 (15.02.2003) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

020 03 968. 1 22 February 2002 (22.02.2002 ) EP 

(71) Applicant (for all designated Slates except US): ROCHE 
VITAMINS AG [CH/CH]; 124 Grenzacherstrasse, 

j CH-4070 Basle (CH). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SHIMIZU, Sakayu 
fJP/JP]; 6-9 Yamashita-cho, Tokiwa, Ukyo-ku, Kyoto-shi, 
Kyoto-fu 616-8212 (JP). WADA, Masaru [JP/JP];' 
E-204, 38-8-1 Kenjyojima, Matsuoka-cho, Yoshida-gun, 
Fukui -ken 910-1142 (JP). 

(74) Agent: LEDERER & KELLER; Prinzregentenstrasse 
16, 80538 Munchen (DE). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN. MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN 
YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ t TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK. EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, 
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM. GA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search report: 

16 October 2003 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

IT) 
ON 



g (54) Title: PROCESS FOR PRODUCING LEVODIONE 

O < 57 ) Abstract: An enone reductase characterized by a molecular mass of 61,300 ± 5,000 Da; NADPH and NADH as co factor 
^ a temperature optimum of 55-60°Cat P H 7.4; a P H optimum of 4.5-8.5 and a substrate specificity on ^-unsaturated ketones' 
^ especially derived lrom a yeast and a process for the preparation of levodione from ketoisophorane 



BNSDOCID: <WO__03070959A3_I_> 



INTERNATIONAL SEARCH REPORT 



f^P^Kinal Application No 

PCT/EP 03/01537 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 C12P7/26 C12N9/02 C12N15/53 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C12P C12N 


Documentation searched other than minimum documentation to the extent thai such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data, PAJ, BIOSIS, MEDLINE, FSTA, CHEM ABS Data 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


VAZ ALFIN D N ET AL: "Old yellow enzyme: 
Aromatlzatlon of cyclic enones and the 
mechanism of a novel dismutation 
reaction. " 
BIOCHEMISTRY, 

vol. 34, no. 13, 1995, pages 4246-4256, 
XP001164161 
ISSN: 0006-2960 
the whole document 


1-18 






-/-- 




| X | Further documents are listed In the continuation of box C. 


|)( | Patent family members are listed in annex. 


• Special categories of cited documents : 

"A' document defining the general state ot the art which is not 

considered to be ot particular relevance 
"E" earlier document but published on or after the International 

filing date 

"L' document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
cilation or other special reason (as specified) 

*0* document referring lo an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 


"T" later document published after the international filing date 
or priority date and not fn conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance, the claimed Invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken atone 

• Y" document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person s Wiled 
in the art. 

document member of the same patent family 


Date of the actual completion of the international search 


Date of mailing of the international search report 


26 August 2003 


11/09/2003 




Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Devijver, K 



Foim PCT71SA/210 {Mcondsh e e1) (July 1992) 



BNSDOCID: <WO_03070959A3J_> 



INTERNATIONAL SEARCH REPORT 



[ C.(ContlnuaHon) DOCUMENTS CONSIDERED TO BE RELEVANT 



pnteiH^nul ; ppHcation No 

[ PCT/EP 03/01537 



Category • I Cflalton of document, with Indication, where appropriate, of the relevant passages 

WANNER PETER ET AL: "Purification and 
characterization of two enone reductases 
from Saccharomyces cerevisiae" 
EUROPEAN JOURNAL OF BIOCHEMISTRY, BERLIN, 
DE, 

vol. 255, no. 1, July 1998 (1998-07), 
pages 271-278, XP002202649 
ISSN: 0014-2956 
the whole document 

P.X | KATAOKA M ET AL: "OLD YELLOW ENZYME FROM 
CANDIDA MACEDONIENSIS CATALYZES THE 
STEREOSPECIFIC REDUCTION OF THE C = C BOND 
OF KET0IS0PH0R0NE" 
BIOSCIENCE, BIOTECHNOLOGY AND 
BIOCHEMISTRY, XX, XX, 

vol. 66, no. 12, December 2002 (2002-12), 
pages 2651-2657, XP009011699 
ISSN: 0916-8451 
the whole document 

P,X I WADA M ET AL: "PRODUCTION OF A DOUBLY 
CHIRAL COMPOUND , 
(4R , 6R )-4-HYDR0XY-2 , 2 ,6-TRIME 
THYLCYCLOHEXANONE, BY TWO-STEP ENZYMATIC 
ASYMMETRIC REDUCTION" 
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, 
WASHINGTON, DC, US, 

vol. 69, no. 2, February 2003 (2003-02), 
pages 933-937, XP009011700 
ISSN: 0099-2240 
the whole document 

EP 1 074 630 A (HOFFMANN LA ROCHE) 
7 February 2001 (2001-02-07) 
the whole document 

US 4 072 715 A (BOGUTH WALTER ET AL) 
7 February 1978 (1978-02-07) 
cited in the application 
the whole document 

STOTT KELVIN ET AL: "Old Yellow Enzyme: 
The discovery of multiple Isozymes and a 
family of related proteins." 
JOURNAL OF BIOLOGICAL CHEMISTRY, 
vol. 268, no. 9, 1993, pages 6097-6106, 
XP002252405 
ISSN: 0021-9258 
the whole document 

-/-- 



Relevant to claim No. 



1-18 



1-18 



1-18 



1-18 



1-18 



1-18 



Forni PCTVtSA/210 (continuation of second shaet) (July 19S2) 



BNSDOCID: <WO_03070959A3_I_> 



INTERNATIONAL SEARCH REPORT 



M ^>nal Application No 

I PCT/EP 03/01537 



C(Contlnuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy* I Citation at document, with indcation, where appropriate, of theretevani passages 



Relevant to claim No. 



Nil NO YUKO S ET AL: "A new Old Yellow 

Enzyme of Saccharomyces cerevisiae." 

JOURNAL OF BIOLOGICAL CHEMISTRY, 

vol. 270, no. 5, 1995, pages 1983-1991, 

XP002252406 

ISSN: 0021-9258 

the whole document 



1-18 



Form PCT/lSA/21 o (conllnuatlon ol second sheet) (Jul/ 1 992) 



BNSOOCID: <WO__03070959A3J_> 



intII^/ 



ATIONAL SEARCH REPORT 

Information on potent family members 



mat Application No 

PCT/EP 03/01537 



Patent document 
cited In search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 1074630 



07-02-2001 



US 4072715 



07-02-1978 



EP 1074630 A2 

BR 0003302 A 

CA 2315837 Al 

CN 1285410 A 

OP 2001061488 A 

US 6428991 Bl 



CH 

US 

US 

US 

AT 

AT 

BE 

DE 

FR 

FR 

FR 

GB 

GB 

IT 

JP 

JP 

JP 

JP 

JP 

JP 

NL 

US 

GB 



A 
A 



605533 A5 
3988205 A 
4095038 
4156100 
347422 B 
645575 A 
832565 Al 
2537060 Al 

2303797 Al 
2303786 Al 

2303798 Al 
1508195 
1508197 
1041904 B 
1229051 C 

.55033463 A 
59001692 B 

1209256 C 
51082789 
58007277 

7509925 

4026949 

1508196 



A 
A 



A 
B 
A 
A 
A 



,B, 



07-02-2001 

05- 06-2001 
02-02-2001 
28-02-2001 
13-03-2001 

06- 08-2002 



29-09-1978 

26- 10-1976 
13-06-1978 
22-05-1979 

27- 12-1978 
15-05-1978 
20-02-1976 
04-03-1976 
08-10-1976 
08-10-1976 
08-10-1976 
19-04-1978 
19-04-1978 
10-01-1980 

19- 09-1984 

08- 03-1980 
13-01-1984 
29-05-1984 

20- 07-1976 

09- 02-1983 
24-02-1976 
31-05-1977 
19-04-1978 



Form PCT71SA/210 (patent family annex) (JuV 1992) 



BNSDOCID: <WO_03070959A3J_> 



THIS PAGE BLANK lus™ 



